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Description 



[STACK-GATE FLASH MEMORY ARRAY] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92114350, filed on May 28, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhis invention generally relates to a stack-gate flash 

memory array, and more particularly to a stack-gate flash 
memory array to prevent leakage due to erratic bits. 

[0004] Description of Related Art 

[0005] Nonvolatile memory is memory storage technology that 
does not lose stored information when the power supply 
is turned off. Some examples of nonvolatile memory are 
ROM (Read Only Memory), PROM (Programmable Read 
Only Memory), EPROM (Erasable Programmable Read Only 
Memory), EEPROM (Electrically Erasable Programmable 
Read Only Memory), Mask ROM, and flash memory. Mem- 



ory chips, such as DRAM (Dynamic Random Access Mem- 
ory) and SRAM (Static Random Access Memory), are con- 
sidered volatile memory, in that once the power supply is 
cut off, the stored data is lost. 
[0006] However, technological advances have resulted in non- 
volatile memory chips such as EPROM, EEPROM. Flash 
memory is a type of EEPROM that can be manipulated in 
blocks, rather than in single bytes. Unlike, EPROM, it does 
not require UV light to erase the memory. It also does not 
require any special voltages to be erased and repro- 
grammed within a system. The design of the flash mem- 
ory microchip is based on floating gate technology, where 
a charge is transferred through an oxide layer into a con- 
ductive floating gate and stored. This technology allows a 
section of memory cells to be erased in a single action. 
Through Fowler-Nordheim tunneling electrons penetrate a 
thin layer of dielectric material to remove an electronic 
charge from the floating gate, which is associated with 
each memory cell. Hence, flash memory equips with both 
nonvolatility and ability of random access, and thus is 
widely used. 

[0007] FIG.l is a circuit diagram of a conventional stack-gate 
flash memory array. This memory array includes 2 * 2 



memory cells (transistors) connected by a group of bit 
lines BLO - BL2 M -1, a group of word lines WLO - WL2 N -1, 
and a common source line SL. When a flash memory cell, 
e.g., memory cell 102 (the transistor at the intersection of 
BL1 and WL1) is over erased and thus represents an erratic 
bit, the transistor will be turned on even without working 
voltage applied to the control gate and thus generates a 
leakage current. This leakage current affects other mem- 
ory cells such as memory cells 104 and 106, that are con- 
nected to the same bit line BL1 and causes data inaccu- 
racy stored in those cells. 

[0008] Jo avoid data inaccuracy, the affected cells have to be 

erased and then reprogrammed. However, because of us- 
ing the common source line SL in the conventional stack- 
gate flash memory array, all cells must be erased at the 
same time. Hence, it takes longer to do so. 

[0009] Flash memory also limits how often you can erase and 

rewrite the same area. This number, (known as the cycling 
limit) depends on the specific flash memory technology, 
but it ranges from a hundred thousand to a million times 
per block. As a region of flash memory approaches its cy- 
cling limit, it begins to suffer from sporadic erase failures. 
With further use, these erase failures become more and 



more frequent. Eventually, the medium is no longer 
erasable and thus no longer writable, although the data 
already resident is still readable. Hence, the manufactur- 
ers will use firmware to count how many times a block is 
rewritten. When the count reaches to a predetermined 
number, this particular block will never be used and the 
size of the flash memory becomes smaller. Hence, a solu- 
tion to reduce the frequency of the erasing/rewriting op- 
eration due to the leakage current is needed to extend the 

flash memory's lifetime. 
Summary of Invention 

[0010] An object of the present invention is to provide a stack- 
gate flash memory array to avoid the effect of the leakage 
current resulting from the erratic bits. 

[0011] Another object of the present invention is to provide a 

stack-gate flash memory array to reduce the frequency of 
the erasing/rewriting operation and to extend the flash 
memory's lifetime. 

[0012] 7 ne present invention provides a stack-gate flash memory 
array. In the present invention, one bit line for a conven- 
tional memory cell had been divided two independent bit 
lines; two word lines have been combined together via the 
gate terminal of an isolated transistor. Because the bit 



lines are divided and the word lines will stop the leakage 
current via the isolated transistor, the leakage current 
would not affect the other memory cells. Hence, the 
present invention can avoid the data inaccuracy due to the 
leakage current resulting from the erratic bits, and thus 
can extend the flash memory's lifetime. 
[0013] The above is a brief description of some deficiencies in 
the prior art and advantages of the present invention. 
Other features, advantages and embodiments of the in- 
vention will be apparent to those skilled in the art from 
the following description, accompanying drawings and 

appended claims. 
Brief Description of Drawings 

[0014] FIG.l is a circuit diagram of a conventional stack-gate 

flash memory array. 
[0015] FIG. 2 is a circuit diagram of a preferred embodiment of a 

stack-gate flash memory array in accordance with the 

present invention. 
[0016] FIG. 3 is a block diagram of a preferred embodiment of a 

stack-gate flash memory apparatus in accordance with 

the present invention. 
Detailed Description 



[0017] FIG. 2 is a circuit diagram of a preferred embodiment of a 

stack-gate flash memory array in accordance with the 
present invention. A stack-gate flash memory array 200 
includes 2 N (columns) * 2 M (rows) memory cells 
(transistors) connected by a group of bit lines BLO - BL2 
M+1 -l, a group of word lines WLO - WL2 N_1 -1, an isolated 

N-l 

transistor group 202 having 2 isolated transistors, and 
a common source line SL. For each row (e.g., row 1), the 
drain terminals of cells in columns 1 and 4, 5 and 8 ... 
4A+1 and 4A+4 (A = 0,1,2 ... 2 N_2 1.)... 2 N -3 and 2 N are 
connected to a bit line (e.g., BLO); the drain terminals of 
cells in column 2 and 3, 6 and 7 ... 4A+2 and 4A+3 (A = 

N-2 N N 

0, 1, 2 ... 2 1.)... 2 -2 and 2 -1 are connected to an- 
other bit line (e.g., BL1). 
[0018] | n flash memory array 200, the gate terminals of all cells 

in the same column are connected together. The gate ter- 
minals of all cells in columns 1 and 2 are connected to the 
gate terminal of the first isolated transistor in group 202; 
the gate terminals of all cells in columns 3 and 4 are con- 
nected to the gate terminal of the second isolated transis- 
tor in group 202; the gate terminals of all cells in columns 
2B-1 and 2B (B = 1, 2 ... 2 ) are connected to the gate 
terminal of the B isolated transistor in group 202. 



[0019] | n flash memory array 200, the source terminals of all 
cells in the same column are connected together. The 
source terminals of all cells in columns 1 and 2 are con- 
nected to the drain terminal of the first isolated transistor 
in group 202; the source terminals of all cells in columns 
3 and 4 are connected to the drain terminal of the second 
isolated transistor in group 202; the source terminals of 
all cells in columns 2C-1 and 2C (C = 1, 2 ... 2 ) are 
connected to the drain terminal of the C isolated transis- 
tor in group 202. The source terminals of all isolated 
transistors are connected to a common source SL. 

[0020] | n flash memory array 200, assume a memory cell, e.g., 
cell 204 (at the intersection of column 3 and row 2) is an 
erratic bit. Because cell 204 is connected to BL3 and WL1, 
the leakage current may only affect the cells connected to 
BL3. However, it will not happen because each of those 
cells connected to BL3 is isolated by one isolated transis- 
tor respectively. Hence, the present invention prevents 
leakage current from affecting the other cells connected 
to the same bit line during erasing/rewriting operations. 

[0021] Because the leakage current won't affect the other cells 
connected to the same bit line, there is no need to erase 
all cells when rewriting, thereby accelerate the repro- 



gramming speed. 
[0022] FIG. 3 is a block diagram of a preferred embodiment of a 
stack-gate flash memory apparatus 300 in accordance 
with the present invention. In stack-gate flash memory 
apparatus 300, for every bit line and word line, there is a 
corresponding bit line decoder 302 and a word line de- 
coder 304. Bit line decoder 302, receiving a bit line signal 
BLS, decodes and outputs a bit line selecting signal via 
one of bit lines BL0 BL2 M+1 -1. Word line decoder 304, re- 
ceiving a word line signal WLS, decodes and outputs a 
word line selecting signal via one of word lines WL0 WL2 

N-l 

-1. The stack-gate flash memory apparatus 300 se- 
lects one of the rows in the flash memory array 200 ac- 
cording to the bit line selecting signals and selects one 
isolated transistor in group 202 to perform the reading 
and programming operations. 
[0023] jhe above description provides a full and complete de- 
scription of the preferred embodiments of the present in- 
vention. Various modifications, alternate construction, and 
equivalent may be made by those skilled in the art without 
changing the scope or spirit of the invention. Accordingly, 
the above description and illustrations should not be con- 
strued as limiting the scope of the invention which is de- 



fined by the following claims. 



